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Photosena' tive comp ftgii'/ioo 
Abstract 



The invcdon n:latcs to phocosensidvc coaposidoo, c^^. 



jnaximm 



which az^ clJpcdaUy ^uiublc. for c«n:p,c. for the mannfacnucof pho«>pohn™H 
layers, especially of three-dimensional objects. P^ocopphn^sed 



F",/K-:'>'400/A 



Photosensitive compositiona 

The present invention relates to photosamtivc composinoos, to a process for the polymer, 
isation of those compositions b> means o^ actinic inadianon, and lo the ust of those 
compositions in the manufacture of pbocopolymcriscd hycrs, espcdaDy of three- 
dimensional objects that arc made up of scvcnd phoiopotyrocriscd layers. 

As is known, radiation-sensitive. Jquid resins or resin mixnircs arc very versatile; for 
example, they can be used as coaling composidons, adhcdves or photoresists. In principle, 
liquid resins or resin systems should in general be suiiaWc also for the manufactmc of 
three-dimensional objects (3D objects) in accordance widi the stcreoUdiographic process 
described in US Patent 4,575,330, many resi ns prove to be too viscous and oAcrs 
again, after photocuring, do not quite satisfy the high requirements in respect of 
dimensional accuracy which are nowadays made of the objects or shaped articles so 
manufactured. 



As is known, a sicreoliihographic process can be used to manufacnire complicated three- 
dimensional objects from Uquid, photosensitive resins. Such objects are buUt up in layers, 
each new curable resin layer being firmly bonded to the previous, prc-cmed layer by prc- 
curing using UV/VIS UghL It is known that the overall stmcture of the thrccKiimcasional 




„^'.«'H2L55«'g*of green inodd is also v^icmA^^^^^'^^^^^^:^^ 
model is nonnallyihcn cured with UV/VIS light, for example by means of a mercury or 

?.S^^Sy^"?)r green strength an^SpSS^^ 

criterion a^^^^ curl factor is 



^^.^^^Sf^s-'^^^^'^^'^^ ihc"ol iccis or shaped aniclcs manufactured 



from the resin systeriis'used. ThTdctcrmination of the curl fac:o:$ is described, for 



example, in "SWding. 2- :„u Confer r^j, Prou^y^.'^o., Ohio (.991). 
In roxnt >^ d>cn: been shonagc of cffc^^ 



-A .60 ^9 d^closc a «b nuxturc for shaping by of Ught Urn con,pri«. a 
nKLaucn-cun^blc and cadonicaUy polyo^isablc 
mmau^r the conconutant use of other HKlical-poly^ 
polyaoylaics. also being possible, wheu ppropriatc 



Iihasnowt«if^ 



sscs. 



^l^^jn^xtn systems are ( 



The present invendon accoxdingly x.la« to apho««ensidvc composidon cocnprising 
ron. - lof^g^Atleastonccad^dcphotoinidatcrforco.^^^^^ 

E) fro. 0.1 to 10 '^■oy^^^Si^^f^^^ 
wncrc appropnatc, componcni D) and 

R fro. 5 to 40 % by weight of at .ca.t one OH-tc^nated polyether. polyester or po.y~ 



The percentages by weight ^orthe abov. « n^^" ^yu^^^^ 3,. to be understood as " , 
.nd.ca,.ng that the sum of all ^ c^ni\i^im^'m%b^^g^^,^ ^ 

Preferred are compositions in whichlhe propoaion o^co^'po^e;; D)" consd^^ , y 
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The photoscandvc composinons iTOfaoUyon 



A) from 50 lo 75 % by wdeht ofit^T^^^l^ ■ u ■ 

,i;r^«f . ^ ''°CS^y'"«nhavmg an cpoxy function- 
ality of equal » or greater than 2, 

B) &omO^K,5%bywdghtofatIca,tonccanodcphoto^ 

Q ^5'o20%bywdghtofalca«oo.l«j«lcydoaUr.^<^a^ 

D) fiocnOu,IO%bywdghcofatlca,ccncUqridpoIyacryIa..havinga„^^ 

50 % by weight of the ratal aaylate content. 

E) &om0^u,5%by weight or at least on. nulicalpbocoinitiatorf^ 
Where appn^tc. component D) and 

rre^e.'°'°'^''''"''''''"'^""°''"°^ 

The liquid epc^y resins that are used in the conqx«itions acconiing to the invention are 
compounds that possess on average tnore than ooe U-epoxy group b the molecule. 

Such resins may have an aliphatic, aromatic, cycloal^hatic. andiphatic or hetcrocycUc 
structure; they comprise cpoxy group, as side groups, or those groups form pan of an 

are commcroally available. 

There may be mcnrioRcd as examples of cpoxy lesias of tha type: 

I) Polyglycidyl and poly(P-methylglycidyl) esters obtainable by the reaction of a 
compound ha.ing at least two carboxy groups in the molecule and epichlorehydrin or 
g ycerol dichlorohydrin o. P-me.hyl-epicMorohydrin. n.e reaction is advantageously 

cf fccicd in the presence of bases. ' 

Aliphatic pob^boxylic acids can be used as compounds having at least two carboxy 
groups m the molecule. Examples of those polycarboxy.ic acid, are glutaric acid, adipic 
acd^ p.mel.c arid, suberic acid, azelaic acid, sebacic add or dimcrised or trimerised 

linolex acid. 

It is. however, also possible to use cycloaliphatic polycarboxylic acids, such as. for 



c 
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7^^T't7'T 4-„.a.y,..^y«i^i, acid, hcxahyd™pha,a,ic add 
or <-tnafaylhcxahydrophthaiic acid 

I '^TT """^ Polycarboxylic add^«K:h as. forcxaxnpic. phrf,a.ic 
acid, «^thalK: acid, trin^lUric add or pyrorocllinc add. 

-.d poh.b,.suah a,, for cxanH,lc, glycc..l or 2,2.bi^4-hyd^^^ 

ID Pohrslyddyl or poly(&-n«thylglyddyI) cAcn obuunablc by Ac rc^oa of a 
compo«d having at least two free alcohoUc hydroxy group, a«l/or phenolic hydroxy 
groups znd a smtably substituted epichlorohydrin uruic alkaline conditions, or'in J 
presence of an addic catalyst with subsequent alkali tnament. 

Ethets ^*at type axcderived, forexan^ple. fh«n^ 

glycoU&thylene glycol andhigherpoly(oxyethyfc^e)glycoIs.pn,p.^^^ 

(oxypropy,ene)glycols.pn,pane-I3^oUutane-1.4^Upol^^^^ 

cols.pcn^e-U-diol.hexane-l.^ol.hexane-2.4.^^^^ 

pro^ butr^methylolptopane. pentaerythritol. sorbitol, and also froo, polyepidUoro- 

.4^.>dn,xycydohexane.bis(4-hydn,xycydohexy,)ax^ane.W^^ 
hcxyl)propaneorU-bis(hydxoxy„v:d,yl)cydohex-^^ 
s^uc^asN^-bisCZ-hydroxyeM)^^ 

The epoxy compounds may also be derived from mononuclear phenols, such as for 
example, from resordnol or hydxoquinone. or they an: based on polynuclear phenols such 
as.forcxamp.,bis(.-hydn,.vr:.eny,)^^^^^ 

propar.eCb.sphe„olA,or on condensation p.xxluas.obuined underact 

Phenols or cresols with formaldehyde, such as phenol novolaks and cresol novolaks 

n.) Job^N-glycidyl) compounds an:, for example, obtainable by dehyd:.chlorination of 
he n:ac::on products of ep.chlorohydrin with amines d,at comprise at least two amine 
Kydrogca atoms. Those amines are. for example, n-boty.amine. aniline, to.uidin 



m-xylylcn«iiaminc. b«(4-a™nophcnyl)mctlumc or b«(4-mcd.yUnunophcnyl)mcthanc 

■nic poly(N-g]ycidyl) compound, also include, however. N.N--diglyddyl derivatives of 
cycloaUcyleneuieas. such as ethyleneuxea or 13-pnjpyleneurra, a«I NJ^l'-diglycidyl 
dcnvanvcs of hydantoins. such as of 5.5-diincihyIhydantoin. 

IV) Exmplcs of poly(S^ycidyl) compounds « di-S-glyddyl dcrivadvcs 

denvcd ftomdithiols. such as. forexample.cAanc-1.2-diaiiolorlris(4.a«captomcthyU 

phenyl) cihcn 

V) Example, of epoxy compounds in which the epoxy groups fcnn part of an olicyclic or 
hcterocychc ring system ar= bis(2,3-epoxycydopcatyl) ether. 2.S^xycyclopentyl gly- 
adyl ether. !^-b.s(2>cpoxycyclopentyloxy)ethane. bis(4.hydroxycydohexyl)methane 
diglyddyl ether. 2,2-bis(4-hydroxycyclohexyDpropanc diglyddyl ether, 3.4^poxycydo- 
texylmethyW.4^poxycydohexanecarboxylaie.3.4^poxy-4-n«fayIs^^^ 
3.4^poxy-6-methylcydohexanecaxboxyIate, di-<3.4^xycydohexybnethyl)hcxa„e- 
dioate. di-{3.4^xy^mctfayl-cydohexyhnetfayI)hexanedioaie. ediylenebis(3 4^poxy- 
cydohexanecarboxylate). «hanedioldi-<3.4^xycyclohexyto«hyl) ether, vinylcydo- 

hcxenedio-adcdicyclopentadienediepoxidcor2-(3.4^xycydohcxyl-54-spiio-34- 
cpoxy)cydohcxanc-13-dioxane. 

It is. hov^ver. also possible to use epoxy rcsins in whid, the U^poxy groups a« bonded 
to dif fer^u hetero atoms or functional groups. •n,ose compounds indudc. for example, the 
N.N.O-tnglyadyl derivative of 4-amincphenoI. the glyddyl etlw glyddyl ester of 
salicylic add, N-glycidyl-N--<2-glycidyloxypn)pyl)-5,5-<limed,ylhydantoin or 2-glyddyl- 
oxy-1.3-bts(5.5-dimethyl-l-gIyddylhydantoin-3-yl)propanc. 

In addition, liquid pre-rcncicd adducts of such epoxy rcsins wiu, hardcnezs x-c suitable for 

epoxy resins. 

It is of coijgp also possible to use mixtures of epoxy n:sins in the compositions according 

to the invention. 

Preferred are compositions wherein component A) comprises at least 50 % by weight of a 

cycloaliphatic dicpoxidc. 
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^lycKlyl ether. 3.4^xyc:xIohcxyln«hyi:3.4^JSi^to^ 3^' 

fcpoxy-6-methyl<yclohcxyInx«hyl-3.4^poxy-<>.nKthylcycIohexan^ 
^cpoxycydohcxyIn«hyI)hcxanedioa.c.di-a.4^poxy-6-n^^^ 
dioatc cthylcncbis<3.4-cpoxycyclohcxanc«rboxylatc). ethanediol di-(3,4<poxycyclo- 

hexyln«hyl) ether or 2.(3.4^poxycydohexyl-5.5-spi„>.3.4^poxy^ 

dioxanc. 



Then: any be used « component B) of the composition, acconiing to invention a 
large ntnnber of known and technically proven cationic photolnitiato,. for epoxy resins 
They arc for example, onium salts with anions of weak nudeophilidty. Examples axe ' 
halomtun salts, iodosyl salts or sulfomum salts, such as arc described ia EP-A 153 904 
su^ox^u^^saU^ 

cationu:photoinmto«arcmetaUoccnesalts.such^d^i^^?Sf^ 
EP-A 94914 and 94 915. 

A survey of other currcnt onium saltinitiaton: 

U V-Cunng. Sdence and Tedmology". (Editor: S.P. Pappas. Technology Marketing 
Corp 642 Westover Road, Stanfctd. Connecticut, USA) or "Chemistry & Technology of 
U V & EB Formulation for Coatings. Inks & Paints". Vol. 3 (edited by P. K. T. Oldring). 

Prcfencd arc compositions comprising as component B) a compound of fonn-Ja I. II or in 

[r.-.-.,] [t.Qj 



r " fr T 

5? 



(11). 



5 — R? 



(HI). 
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iz uosubstitutcd or substituted by suiubic radicals. ^ ^^'C.^aryl that 

L is boron. phosphonis,ancnic or antimony 

m is an btegcr that corresponds to the valency o( L plus 1. 

anions are BF4 , PF< . AsF^-. SbF<- and SbFj(OH)-. 

Especially prefcned are compositions comprising as con,po„cnt B) a compound of 

AlsoprefccdarecompositionscomprisingascomponcntBJacompoundoffonnulalV 



1 - ^ 

(IV). 



wherein 

c is 1 or 2, 

<i is I.2,3.4or5. 



X i; ---'-PHmc anion, especially PF,. AsF,. SbF,. CF3SO3-. 0,^,30,. 

"-C3FTSO,.n-QF,SO,-.n-QF„S03-orn.QF,7S03-. ^' 

Kg is a ;c-arcnc and 

R, is an onion of a «-arene. specially a cyclopentadieny! anion. 



c 
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Examples of jc-arcna as R, and anions of it-arencs as R, are to be found in EP-A 94 915. 

Examples of prefarcd x-aienes as R, are toluene, xylene, cdiylbcnzcnc. cumcnc. 
methoxybcnzcne. tncthylnaphthalaic pyrcnc. pciylcnc. stilbcac. diphcnylenc oxide and 
diphcnyienc sulfide 

Especially prcfctrcd are cumcnc. mcthybaphthalenc or stilbcnc. 

Examples of non-nudcophilic anions X" arc FSOj". anions of organic sulfonic acids, of 
caiboxylic adds or anions LQ„-. as already defined above. 

Prcfemil anions arc derived from paniaUy fluoro- or peifluc»o-aliphaiic or partially 
fluoro- or pcifluoro-aiomatic carboxylic adds, or espcdaUy from partially fluoro- oc pcr- 
fluoro-alipharic or partiaUy fluoro- or pcrfluoro-aromatic organic sulfonic adds, or rficy 
arc preferably anions IjQ„". 

Examples of anions X arc BF4-. PF4-. AsF^-. SbF<-. SbFj(OH)-. CFjSp,-. CzFjSQj-. 
.n-C3F7S03-. n-CFjSOj-. n-CsFoSOj-. n-QFiTSO,-. C^FjSOj-. phosphorus tnngst^ 
•) or silicon tungstatc (SiO^oWji* -), 

Preferred are PFj-. AsF«-. SbF«-. CF3SO3-, C2F5SO3-. n-C3F,S03-. n-C^F^Oj*. 
n-CfiFuSOj- and a-CtF„SOj. 

The metalloccnc salts can also be used in combination widi oxidising agents. Such 
combinations arc described in EP-A 126 712. 

r 

I In order to increase the light cffidcncy. it is also possible, depending on the type of 
/ . initiator, to use scnsitiscis. Examples arc polycydic aromatic hydrocarbons or aromatic 
j kcio compounds. Specific examples of prcfctrcd scnsitiscrs are mentioned in 
V EP-A 153 904. ^ 

Suitable as component C) arc. for example, the diacrylatcs of cydoaUpharic orarooadc 
diols. such a^ l.4-dihydroxymethy!cyclohexane. 2.2-bis(4-hydroxycydohexyl)prDpane. 
bis(4-hydroxycyclohexyl)methanc. hydroquinone. 4.4-Klihydrexybiphenyl. bisphcnol A. 
bisphenol F. bisphenol S. cthoxylatcd or propoxylatcd bisphenol A. cthoxylaif H , 



lor 
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propoxylatcd bisphcnol F or cthoxylaicd or pcopoxybicd bisphcnol S. Soch diacryUtcs 
known and some of ihcm arc conuncncially available 



an; 



Prcfcncd arc cocnposidons comprbing zs componcm Q ^ compound of fonnula V VL 
VllorVUI 



(V). 



OH 



O' ^ -o 

OH 



GH 

O^ ^ ^O 



^10 



no 



(VII). 



OH 



o o 



OH 



OH 



(vin). 



wherein 

Y is a direct bond, Ci-Cfialkylcnc, -S.. ^O-. -SO^^ or -CO-. 

Rio is a CpCgalkyl group, a phenyl group that is unsubsdtutcd or subsdmtcd by one ^ 

more Cj-Cnalkyl groups, hydroxy groups or halogen atoms, or a mdical of the 

formula -CHj-ORu. wherein 
R 1 : is a Cj-Cgalkyl group or a phenyl group, and 
A is a radical of the formula 



;i3 
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a cc- a- 

or comprising as component Q a coaipound of any oas of formulae 
o 



o 



o 



and the concsponding isomcn. 
o 



(Kc). 




(IXd). 



If a subsdtucnt is C,-C,alkyl or C,-C,alkyl. i, may be straight-chained or branched. 
CrCalkyl may be. for example, methyl, ethyl, n-propyl. isopropyl. n-butyl, sec-butyl 
.sobutyl or ten-butyl, and C.-Qallcyl may additionally be. for example, .he various pei^tyl. 
hexyl.heptyl or octyl isomers. 

If a subsdtucnt is halogen, it is fluorine, chlorine, bromine or iodine, but especially 

chlorine or bromine. 



If 1 «ibsritucnt i5 C-Cfialkylcnc it is, for example, methylene, ethylene, ptopylcnc 
(mchylcthylaic). trimcthyleae. l.I-piopancdiyl. 2J-propanediyl, ictnmcthylcac. cthyl- 
mcAylcne. I.l-butancdiyl. Z2-butancdiyi, pcntaracdiyknc or hcxamcthylenc. The 
aflcyfcnc radicals may also be substituted by halogen atoms. Examples of halogcnatcd 
aJWenc radicals are -C(Ca^ and -QjCF^.. 

E^JccMy prefcrncd in the compoKtiofu are compounds of dK: fonriula V, VI or Vn 
wherein Y is ^Hj- or -C(<:h^. 

Alto especially preferred are cotnpoundi of formula VII whcrdn R,o is n-butyl, phenyl, 
n-bcuoxymcthyl or phcnoxymcthyL 

The Kquid poly(mcth-)aciylatcs having a (iDcdi-)aciyIatc fiaictionaHiy of greater dan 2. 
•A.-iadi may. where appropriate, be used as component D) in the compositions according to 
the avendon may. fcr example, be tri-. tctra- or pcnta-functional monotncric or 
olisomeric aliphatic. cycloa%haric or aromatic aciylatcs or mcthaoylatcs. 

Scabic as aliphatic polyfuncrional (mcth-)aciylaics arc, for example, die tiiaaylatcs and 
trii=.nhacrylaics of hcxanc-2.4.6^riol. glycerol or l.l.I-oiiDcthylolpropanc. edwxylatcdor 
propoxylatcd glycerol or l.U-oimediytolpropane and d»c hydioxy group-containing tri- 
(iD=fa-)acrylatc3 which arc obtained by the reaction of tricpoxy compounds, such as, .or 
cxanple. the triglyddyl cdjcn of the mentioned triols, wiUi (mcth-)aayUc add. ftis also 
paniblc to use. for example, pcatactytimtol tctraaaylatc. bistrimcthylolpropanc tctra- 
acrdatc. pcntacrythritol nx»ohydroxytri-aaylateor-tDcdiaaylateordipcntacrythritoI 
moaohydroxypcnta-acrylatc or -tnethaoylatc. 

It is also possible to use hcxafunctional methane aaylatcs or urethanc methaaylatcs. 
These methane (meth-)aciylates are known to die pcnon sldlled in the an and can be 
prepared in known manner, for example by reacting a hydroxy-tcrminatcd polyurethanc 
wuT acrylic acid or mcthaciylic acid, or by reacting an isocyanatc-icrminatcd prepolymcr 
hydroxyalkyl (meth-)aaylatc$ to form the urethane (mcth-)aciylatc. 

Sdublc as aromatic tri(mcih-)aaylatcs are. for example, the reaction products of 

iri dycidyl ethers of trihydric phenols, and phenol or cresol novolaks having three hydroxv 

groups with (mcL'i)-acfylic acid. 



9 



^ ^^^^ - 

In the compositions accoiding to ihcinvr^-^ . 

i»pmi>,l phenyl 2.|,.<to.y.2 2-diI*T ? ' " 
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Another cla^ of suitable photoinitiaton E) coa^^-^^^^. 
compou^i. which an: capable of absoriring acti^„a.^lZ^ " 



TaJoauIodcdyc-coun^ioaco^pou^lsLthl^^ 
c«n^Icf..EP.A223 537a^USPa.nu4.7iri^^^°^'" 



-ybcn.ndo„edascx«npk,ofsuioa,lci;,ed« 
dyc-iodoniu^ioncon^^a^onicdr^C^T^^t 



wherein is a cadonic dye and R„ R., R .„^d 

unsanixatcdhocxocyclicerj, P^lZ^ -^^"^ 

found, for example, in EP-A 223 587. «12 »o Ris can be 

) 

Preferably, the composmoas accortiinp to fh^ ;n^^« • 

.-Hy^x..nyl..one,especiaUy ^C^l^™-^^' 
a., for cxan,ple,TONE«i^i^3af5^ 

Coc^posinon. co.prisin, a Uncar or bnu,chcd po,>«..pol>ol . onnponcn. F) a. 



preferred. 



Compositions comprising a trifuncnotjal OH-tamnawl polycaprotictooc u component 
F) arc likewise prcfeircd. 

Especially preferred arc photoscosidvc composaioiB comprising 

as coraponcnt A) a cydoaUphadc cficpoxide and an aliphatic polyglyddyl eOta, 

as component B) triaiylsulfonium hcxafluoroamiinooate. 

as component Q a compound of fonnula VI wfaeicm Yis -CHjr or-C(C%)j.. 

as component D) a tri(meth-)aciylatt5 or a pcnta(mctfa->ciylatc. 

as component E) a l-hydioxypheoyl ketone and 

as component F) a linear or branched polyester polyoL 

If desired, it is possible to add to liic compositions accoiding to the invcnnoa the 
customary additives G), for example stabilisers. STidi as UV stabilisers, poiym^ 
inhibitors, release agents, wetting agents. Icvefficg agents, scnsitisas. ami-sctding agents, 
surface-active agents, dyes, pigmcais or fillers. 

The compositions according to die invention can be prepared in known manner, for 
example by pre-mixing individual components and subsequcndy nnxing those pre- 
inixtures ot by mixing all of the components by means of customary apparamses, such as 
impeUcr-typc mixers, advantageously in the absence of Ught and, where apptopiiate. at 
slighdy elevated temperatntc 

The photosensitive compositions according to d>c invention can be polynrriscd by 
uiadiatioa widi a-tinic Ught, for example by means of clcctrxjn beams. X-iays. If; or VIS 
light, that is to say. with clcctromagDcric radiarioa or particle radiation in the wavelcngdi 
range of from 280 to 650 nm. Especially suitable are laser beams of He/Cd, argon or 
nitrogen, and metal vapour and NdYAG lasers with multiplied frequency. Ubtoown to 
the person skilled in the an that suitable photoinidatois must be selected and. where 
appropriate, sensitised for each light source chosen. It has been recognised that the depth 
of penetration of the radiation into die composition to be polymerised and the operating 
speed arc dirccdjM^ concentration of the 

phocoinitiators. 

The compositions according to ihc invention may also comprise various pbotoiniriators 
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having different radiation souitivitjcs to the layj of eminion Una of different wave- 
lengths. A better utUisation of a UVATS Hght source thai ndiatcs cniission lines of 
different wa-zclengihs is. for example, thereby achieved, kis advantageous if the various 
photoinitiaiors arc so chosen and arc used in such a coocacnuioa that an identical optical 
absorption is produced with the emissioa lines used. ~— 

The invcntioti accordingly relates also to a process for thcpolymerisadon of the 
composition according to the invcatioQ in which iose compositiofls arc inadiatedwith 
actinic Ught. The polymers obtained may be used, for cxainplc. as coating composmons. 
photoresists or adhesives. 

It could nothavc been foreseen thatit would be possible lomandacairc from the 
compositions according to the invention, which comprise fccryiatcs having aromatic or 
cycloaliphaiic groups in die above amounts, by stcreoUdjogtaphic processes, objcas or 
shaped artides that have an extremely smaU cuii (distortica phenomena), or a cmithat 
cannot be measured, espcdafly when specific ratios by we^t of components C andD are 
used. Noimany. when diaaylatgaens ed without the st fetaniial yttirion »f q^^^.^ p f 
JufifactXaaSonaliq^^ arc obtained that polymedsc funirr after the exposure 
step and thus do not yidd seiviceabic stcrcoUdiogtaphicany produced parts. 

The invention relates also to a process for the tnanufactmeof tfarcc-xfimensional objects 
from a composition according to the mvcniion by means «tf a lithographic process, 
especially astecoUthographic process, wherein the surface of a layer of the composidon 
according to the invendon, in its endrcty or in a prcdcteiamed pattern, is inadiaicd with a 
UV/YIS Ught source so that a layer of a desired thickness soUdifies in the inadiated areas 
and then a new layer of the composition according to the avendon is formed on ibe 
solidified layer, the new layer likewise being irradiated o^ the entire surface or in a pre- 
determined pattern, and, by repeated layering and irradiarioo, threcKlimensional objects 
comprising severtil solidified layers adhering to one anoiirrare obtained. 

In that process, a laser beam, which, in an especially prcfared embodiment, is computer- 
conn-ollcd, is preferably used as the UVA'IS light source. 

If the compositions according lo the invendon arc used as coating compositions, then clear 
hard coatings are obtained on wood, paper, nvctal. ceramic or other surfaces. The coating 
thickness may vary gready and is from approximately 1 m to approxinuttely I mm. 
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RcUcf images for printed drcmts or printiiig plates can be pnxluccd diiecily bom the 
nuxtures according to &c inventioa by irradiating d,e nriximes. for example by means of a 

comFuter-<:ontroUed laser beam of suitable wavelength or by tmngapbotom^ 

coiTcspooding light source 

A funher possible appUcation is to use the compositions according to the mvcndoo as 

photoerTibIc adhcsivcs. 

The comoodtions according to the invention arc picfaably used in tbe manufacmrc of 
photopolymcxised layers especially in the fonn of duccnlimensioaal objects that arc made 
up of sevaal soUdificd layers adhering to one another. 



mycnnon. 



The following Examples funher iUustiaic the present 

|64gof3.4-epoxycydohexykxahyl-3\4--epoxycydohex2Decarix,xyfa^ 

;22gofatnfimcrional,OH-tciminatcdpolycapiolaciODeCIONE®PoIyol0301^ - 
facturcdby Union Carbide) and 12 g of bisphcaol A diglyddyl ether diaaylatc 

^ (Novacurc 3/(»manufacmredbyRadcure)at60»Clgofl-hydroxycycIohexylpbenyI 
I »^"ne(Itsacurc®184manufiu:turc^ 

< fl"0"antimonatc(Cyracmc®UVI6974manufi«nredbyUmoaCrt:de)arc 
andthcmkturcis&enstineduntiladearhomoseneousmix^ 
fonntilatioa has »^^^^|^m3p-CL^ 

Shaped arncles are^ffl^SST^uradiadon energy: 40 mJ/cm^) 

(modulus of elasticity according to DIN 5337 1-; green strength): 
'cfongatiooartMS'^^Tr^?^^^ & 

( accordi ng to DIN 53455)! 

^"^liHSSS^ ^ "^^''^ UV Ught for 30 minutes and h;ated -at 

^° '^''P^ =«^<^« Jiicn hive the foUowing properties- 



The curi factor is a known critdfTo^-in s.ereoftthography for comparing the shrinkage 
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Phcnoo^. Of varioc nuxtun:, wi* one anchor ^ cxan^plc. Pnx«di.g. 2- Int. 

.nR^Pn^i„,.D.,.,Ohio(,99,),T.. heated end fJu«^^ 
dc«^ ^ been builc „p with a layer O^d^. o7 

8gofbutan«^d,^,«hcr.l3gofatrifu„cdood.OH-.cnni^ ^ 



cyclohcxyl phenyl kcu,„e oS^® ^^^a^^M-5dU^f3--i- 
sulfoniam hcxaftootoandnxmtc (Cyiaam:® UVI 6974^ /^ ^ ^ 
arethm,^^^ ^ u - ^'-y^'^ ^'^"Mnufactmtd by Union Carbide) 
^^^^T-T^ - .hen sdr^ unnl a clear honK>ge„eoas nnxn^ is 



elongate jattoa c^^g^ - ^^A%^^^^ 

1 30or fnr in ^- -r^ . "«aiaica with UV light for :>0 minutes and hcaicd at 

foUowing properties: 



cmi factor 



Examples 3- n- 

Fonnularionscon^g^componentsinto 1 are p:.pa:«, as in 

Of U.e concspond^g forxnulanon. The viscosides ojf yhose nuxTiS^ a. also lii^^^^-^ 

ufaci 




Tnhu 1 cu,„ ^ • f 3 - : ,z:™ *"^'"^^^*^aiso listed in 
shaped siudesobuL^cd are indicated in Tabic 2. ^ H csoimc 
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Tabic I 




EPI 

Cyracurc UVI 6974 

Diacrylatc t'^ 

Diacrylaic 

Diaayiaic itf^ 
JDiacrylatc iv'^ 
4r351 

Irgacurc 184 
lONE^Polyol 0301^^ 
Dcsmophcn 1600^^ 
Dcsmophcn 1915 



2) Cyr^urc 0^16974: xA^^^^^^^^^?„, . 

' ™''^'*^««™on««e(UnJoaC«Udel, 

3) Duciyluel: 

Diicrylaic II: 
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Tablc 1 (continuation) 




6)TONEPolyol030l: triAmak«l,OH^aiaiai^ 
Dcaanophca 1600: OH-tennmaot Imcv jnlyc^ 
Dcsmophca 1915: bcwKhod polycdicr polyol (Bayer) 



Tabic 2 


4 






1 


& 














Example 


3 


4 


I 

5 


H 


7 


8 




10 


11 


12 


13 


























; iiradiadon 

^ cncr:gy [mJ/ciE?] 


80 


160 


IGG 


80 


40 


40 


160 


160 


160 


160 


160 


E-moduL [N/mm^] 


464 


101 


764 


962 


710 


795 


1404 


1026 


691 


874 


991 


2] 

clong. at tcart%] 


11.7 


10.8 


1Z6 


17 


39.6 


38.9 


17.6 


51.8 


11.4 


8.6 


9.7 


E-raoduL[N/mm-)^^ 


1151 


1022 


1560 


1139 


1300 


1344 


1267 


1611 


1481 


1673 


1890 


clong. at icart%] 


14.4 


: 5.0 

1 
1 


5.4 


14.4 


32.6 


46.4 


4.4 


19.7 


73 


5.3 


6J 


4) 

CF6 


O.Ci 


1 

--0.C1 


0 


-0.04 


-O.OI 


-0.03 


t 

-0.03; -0.04 


-0.03 


-0.02 


0 


CFll 


0 


0.0 1 


0 


0 


0.04 


0,01 


-0.02! 0 
1 


-0.02 


0.01 


-0.02 



2) viJoc* ificr Iaici curing tt the imdUiion encrxy mdiciicd 

3) vduci aficr full curing (30 min UV, 30 imn 130*C) 

4) Curl f«:ion (dctcnnir.od on ih^ miclcs bui tip with Uycr ihicfai«s of 0.076 mm) 



;i8 
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^ Exajmcte 

48.4 g of 3.Vcpoxycyck3hcxyliiKthyl-3\4'-cpoxycydohcxanccar^ aic mi«d with 
18 g of butancdiol diglycidyl ctfacr. 20 g of atrifunctional, OH-terminatcd polycapio- 
lactonc CrONE® Polyol 0301 cnaufactmrd by Union Carbide). 8 g of bisphenol A 
diglycktyl ether diaoylate (Novacuro® 3700 nHnufacnucd by Radcutc) and 4 g of 
dipentaaythxitol monohydroxypcntaacrylatt (SR® 399 manufactured by Saitomcr) at 
60»C 0^ g of l-hydiDxycydofacxyl phenyl ictone (Irgacurc® 184 manufactured by 
Ciba-Gdgy) and 0.8 g of tiiarylsulfonium hexafLotoamimonaic (Cyracurc® UVI 6974 
manufactured by Union Carbide) arc then added and the mixture is then ained undl a 
clear homogeneous mixture is fonncd. The liquid fcnnulation has a viscosity of 194 mPa-s 
atSO'C 

Shaped articles arc manufactured usingaHc/CdlascrCirradiation energy: 160ml/cm2). 
After laser curing (green models) those shaped articles have the foUowing properties: 
E-modnlus: 55.4 N/mnr 

elongation at tear. 17 % 

For fuU curing, the giccn models arc irradiated with UV light for 30 minutes and heated at 

130=C for 30 minutes. The shaped articles then have the foUowing pioperties: 

E-modnlus: 2466 N/mn^ 

elongation at tear. 1 1.2 % 

curl factor CF 6 weave*: -OJOl. 

*"CFi weave- is dctennincd on test spcdmcas that arc constructed vnth die "weave" 
stiuctuial form (sec in this connsnion "Rapid Prototyping and Manufacturing. Funda- 
mentals of Stcrcolithogiaphy. P. F. Jacobs cd.. SME 1992, page 199 ff). 



16' 
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>Wiat"ts daimgd ui ^^g^ 

1. A photosensitive compositioa comptising 

A) fiom 40 to 80 % by weight of « least one Bgrnd cpoxy rcsin having an epoxy fiincdon- 
ality of equal to or greater than 2, 

B) ftom 0.1 to 10 % by weight of at least one caionic photoinitiaior for component A), 
Q from 5 to 40 % by weight of at least one la^cydoaKphatic oraromatic diaaylatc. 

D) from 0 to 15 % by weight of at least oceJ^ndpoly(mcth-)aaylaie having a (meth-)- 
aaylaic functionality of greater than 2. the propooion of compooentD) constimting a 
maximum of 50 % by weight of the total (metb-)acrylatc content, 

E) from 0.1 to 10 % by weight of at least one ratfical photoinitiator for component Q and, 
where appropriaie. component D) and 

F) from 5 to 40 % by weight of at least one OH-cmnnatcd polyctbcr. polyester or poly- 
urethanc. 

2. A photoscnsidvc composidon according to daim 1 wherein ibc. proporrion of 
co:'-.poncnt D) consdtuies a maximum of 40 % by weight of die total (incdi)acrylaic 
content 

3. A photoscnsidvc composidon according to daim 1 comprising 

A) from 50 to 75 % by weight of at least one Ugmd cpoxy icsin having an epoxy ftmction- 
ailty of equal to or greater than 2, 

B) from 0^ to 5 % by weight of at least one cadonic photoimtiator for component A). 
Q from 5 to 20 % by weight of at least one lig^cycloaliphaiic or aromadc Hj^^iaje. 

D) from 0 to 10 % by weight of at least one Ugmdpolyacrylaic having an aci>-laic 
functionality of gcatcr dian 2, die proportion of component D) coesritudng a maximam of 
50%.bx wcigh_c of die total acrylatc content . 

E) from 0.2 to 5 % by weight of at least one radical photoinitiator for component Q and, 
where appropriate, component D) and 

F) from 10 to 40 %«35^weight of at least one GH-tcmiinstcd polyedicr. oolvestcr or nolv- 
urcthane. 

4. A photoscnsidvc composition according to claim I wherein componcm A) comprises at 
least 50 % by weight of a cycloaliphadc dicpoxidc. 



3. A photosensitive composition according lo claim 4 wherein die cycloaliph; 



atic 
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dicpoxidc b fo(4-hydn)xycyclohcxyl)mcthaDc diglycidyl ether, 2;Z-bis(4-hydroxyc3^ 
hcxyl)propanc diglycidyl ether. 3,4<poxycydohcxylia:thyl.3.4.<poxycyd 
boxylatc 3.4-cpoxy-6-inethylK7dohcxyliiKJthyl-3,4^xy.^^ 
late, di-(3.4-cpoxycycIobcxyl2ncihyI)hacancdioaic, <fi-(3,4H:pQxy^mcihylH7dohcxy{- 
nicthyOhcxancdioatc. «hylcncbis(3.4H:poxycycIohcxaiu»iboxyIau^^^ cthanediol di-{3.4- 
cpoxycydohcxylmcthyi) ?thcr or 2-q,4-epoxycydohcxyI-5,5-spiro-3.4<poxy)^^ 
hcxanc-1 3-<tioxanc 

6. A photosensitive compositioa according to claim 1 comprising as component B) a 
compound of the formula I, II or in 




wherein R,. R^, R3. R4, R5, R^ and R7 arc each independently of the others Q-CigaiTi that 
is unsubstitutcd or substimtcd by suitable radicals, 
L is boron, phosphorus, arsenic or antimony, 

Q is a halogen atom or some of the radicals Q in ai anion LQ„- may also be hydroxy 
groups, and 

m is an integer tliat corresponds to the valency of L plus L 

7. A photoscn-irive composition accordi/^o claim I comprising as component B) a 
compound of formula IV 



(rv). 



wherein 



- < " Ji i Is 
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c is 1 or2, 

d iJl.2,3.4or5. 

X is a non-nudcophilic anioa, cspcdaUy PF«-. AsF«-. SbF^-. CF3SO,-. C2F3SO3- 
n-C,F;SOj-. B-QFj^Oj-. n-CsFuSOj- or h-C^jtSO," . 
is a x-aicne and 

«aaanionofaK-aitnc,esp«iaUyacycIopcntadienylanioa 

8. A photosensitive compositioa according to claim 6 comprising as component B) a 
compound of fomjula m wncrcin Rj, R« and R7 are aryL 

9. A photosensitive composition according to claim I comprising as component C) a 
compound of formula V, VI, Vn or VBI 



(V). 



OK 



OH 



OH 



^10 



Mo 



(VII). 



OH 



O 



00 o 



OH 



(vih). 



OH 



wherein 
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Y i"'&«:tbond.C,-<^lcac,-S-.-0-,-SO-.-SCVor-CO- 

morr q-CalJcyl «nx,ps. hydxoxy groap, cc halogen atooH. or . radiad of *c 
fonmti-CHrOR,,. wherein "»Guormc 

Rii «aC,-C,alkyIgiDoporapbcaylgroup,and 

A isawficalof thcfonnula 



or 




(DCa). 



OH 

o (DCb) 



and the corresponding isociot, 
o 




o 



(IXc), 

'Y^ (IXd). 

o 

.0. A photos««iUvc co.p.sitioa according «, claic 9 wherein in fonnula V. VI or VII Y 




t 
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as alkylcnc is -CMj- or -CCCHj)^-. 

1 1 - A photoscnsidvc cocvoritioa according «, claim o ^heroa in fonnula Vn R.„ is 
n-butyl. phenyl, n-batoxymcthyl or phcnoxymcthyL 

1 2. A photosensitive composition acconling tt, claim 1 whexein component D) is a tti- 
(njeth-)aciylate or a pema(nictb-)aaylate. 

13^A photosensitive composition ^xonling to claim 12 whexein the penta(metb-)acxylate 
«s<hpcntaerythntoliix)nohyrtnrcypcnta(meth-)aaylate. 

\\ ' - E) a 

l-hydroxyphcnyl ketone. ^ 

15- A photc^ensitive composition according to claim 14 «,hexein the 1-hydroxyphenyI 
ketone IS l-hydroxycydohexyl phenyl ketone. 

16- A photosetmdve composidon according .o claim 1 comprising as component F) a 

unear or branched polyester poIyoL 

17. A photo«nsidve composidon according to claim 1 comprising as component F) a tri. 
funcnonal, OH-tcnninaicdpolycaprolaaone. 

18. A photosensidvc composidon according to claim 1 comprising 

as component A) a cydoaliphadc diepoxide and an aliphatic polyglycidyl ether 

as component B) ttiaiylsulfonimn hcxafluormndmonate. 

as component C) a compound of fomiula VI wherein Y fa -CHj- or -C(CH ) 

as component D) a txi{medi-)aaylate or a pcnta(meth-)acrylate. ' ' ' 

as component E) a l-hydroxyphcnyl ketone and 

as component F) a linear or branched polyester polyol. 

acll'iThr """""^ ' '-^'-"g " 

20. A process for the monc-cnue of three-dimensional objects from a composidon 
accord.,g .o c.a.. , by means of = .i..ographic process, wherein a,e surface of a layer of 
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UV/VIS light souxcc so thac .^ZlT,^^ " ^ 

and a new Uycrof durl^ """^^ "^^^^ 

, ^ ^^°^'*^«'°'P<«>M "fonxicd on the solidified . 

I>Wbc«ginadiatcdov..tfaca«i.c.^orinap,.^^ 

-P-^ kycring and ina&.tioa. tbco<ZIl * 

layen adhering to one ancdj^^^^ '^^ 'o'^ 
soHdi.-^ laycnadhcring tooneti:^^"^ *aca. „^ 



Oftou, ^ , , 

Pate- 
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thc jaid conqwaaxi, in iu cnrircqr or in a prai^^ 

UVATS Ugltt SOTO JO tlm» layer of a desired tliickncBK^^ 

and iben a new hjrcr of datawiposidon is formed oa die soBd&d layer, the new layer 

lilccwisc bang inadiated die entire surface or in a 

repeated layering and inaiadoo. dncc-dimcnaonal objcm co-^ 
layers adhering oooc anodicr are obtained. 

21. A process accotding todaim20. whctein the UVATS E^asnx b alaserbeam, 
prefexably a compmcr-conixoUed laser beam. 

22. Tlic use of acomposidoaacoonling toclaim I in thcnnmi&cnrc of pbotopolymcriscd 
layers, especially in the foan of three-dimensional objects tfiat as made np of several 
solidified layers adhering to one another. 



OftoVV.. V. 

Paten • 



